
SUSTAINABILITY, THE NU PARADIGM’

R.D. Briggs, JA. Stanturf, andS.B. Jones2

ABSTRACT: The conceptof sustainability,deeplyimbeddedin the forestryprofession,hasexpandedin breadth
from timberproductionasa centralobjectiveto one of many, equally importantproducts(including noncommodity
values)producedby forestecosystems.The basisof sustainability, regardlessof the specificproduct(s)under
consideration,is long-termsite productivity. Site productivity is determinedby site quality, which hasbeen
conceptuallydefinedas effectivemoistureandnutrientsupply. The sum of productsandvaluesthat can be
producedfrom aforestecosystemis finite, constrainedby site quality. Ecosystemmanagementcanensure
sustainability,if (i) the physicalandbiological constraintslimiting productivity areidentified and (ii) thelimits setby
thoseconstraintsarenot exceededin pursuitof short-termprofits or political expediency.Thedecisionof the mix
of forest productsshouldbeselectedfrom a list, compiledby forest scientists,documentingthe rangeof
possibilities. In a democraticsociety,the votersultimately will decidethe final mix.

INTRODUCilON

The practiceof forestryandthe role of the foresterin societyare in the public eyeto an extentnot seenin the
UnitedStatessincethe daysof Gifford Pinchot. Pressureson forest landfor awide rangeof uses(sometimes
conflicting) continueto increaseasglobal populationis projectedto approachsix billion by the turn of the century.
LesterBrown’s “Stateof the World 1994” presentsa soberingcomparisonof projectedincreasesin the ratesof
populationgrowth relativeto that of food andnatural resourceproduction;theformer is substantiallygreaterthan
the latter (Postel1994). Sincepopulationgrowth hasnot beeneffectively dealtwith, our only hopeis to
concentrateon the resourceproductionsideof the equation.

Media portrayalof the conditionof U.S. forestscontinuesto disproportionatelyaccentuatethe negative,
contributing to public misperceptionthat bothextentand vigor arein decline. A recentarticlein a local weekly
paperentitled “The MaineWoods: Protectedon Paper...Rapedin Reality3”, utilizing grosslymisinterpretedstatistics
coupledwith photographsof recentclearcuts,providesa timely example. Thesenegativeperceptionshavenot
goneunnoticedby the natural resourceprofessionals,althoughonecould arguethatagood dealof time passed
beforewe becamefully engagedin seriousdiscussion.

TheSociety of AmericanForesters (SAF) becamean active participant(to thedismayof some)by releasing
the taskforce reporton sustaininglong-termforest healthand productivity (SAF 1993). Spiriteddiscussion
continues,asevidentfrom the lettersto the editor sectionof the Journalof FOrestry. Thosein oppositionto the
taskforce reportperceiveit to be critical of pastsuccessesin timber production;thoseembracing~ cite recognition
of pastsuccessesandtheneedto includethecompletearray of productsandvaluesunderthe umbrellaof
sustainability.

The choiceof the word nu (the thirteenthletter of the Greekalphabet)in thetitle of this paperreflectsthe
reality that the conceptof sustainabilitypredatesthe birth of the authors(not thatwe are“spring chickens” on the
eveof our 25thhighschool reunion). Shea(1993)cited papersfrom 1952 that referredtosustair~ility and
multiple benefits. Althoughthe conceptitself is not new (nor is it gnu, a bit of wildlife humor), the~contexthas
changed. Sustainedyield in thepastreferredto acontinuoussupplyof timbermaintainedby harvestingonly the
growth.
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Today,the conceptof sustainabilityhasexpandedasemphasishasshiftedfrom timberasthe primary
resource(the othervaluesor productsconsideredincidental in thepast)to one of several,equally important
resourcesgeneratedfrom forestsystems. Timber hascometo be viewedasan alternativeproducton equal
footingwith noncommodityproducts. Evenbeyondthemoretangibleproductsof waterandgame,forestsha~,ie
aestheticand religious value,for which therehasbeenlimited (if any) appreciationin thepast(Milliken 1993). The
noncommodityproductshavedefiedtheefforts of economiststo assignmonetaryvalue. Consequently,theyhave
not beenproperlyaccountedfor in economicanalyses;decisionswereoftenbiasedtowardsnonsustainability
(Barbier 1993). Holdgate(1993) espousedthatview in a moregeneralway by attributing theproblemsof
unsustalnabilityto theviewpointthat only useful productof a forest is timber.

Within thebroadconstraintimposedby climate, thebasisfor sustainabilityof any aspect(timber production,
health,biodiversity,etc.) of forest ecosystemsis thesoil, which functionsasthedynamicinterfacebetweenthe
lithosphere,theatmosphere,thebiosphere,and thehydrosphere(Figure1, Szabolcs1994). The vegetation
derivesanchorage,moisture,and 14 of the17 essentialelementsfrom thesoil. Fromthis perspectiveit is readily
apparentthat an intact andfunctioning soil systemis thefundamentalbasisof site productivity. Thatpremiseis the
essencefor this working groupsession,appropriatelyentitled “SUSTAINING LONG-TERM PRODUCTIVITY - A
SOILS BASEDAPPROACH.” Our objectiveis to lay the foundationfor thepaperswhich follow by providingan
overviewof long-termsite productivity, ecosystemmanagement,andsustainableforestry. We arguethat these
conceptsare hierarchicallyrelated. Long-termsiteproductivity is a critical componentin the decisionmatrixfor
ecosystemmanagement,itself anecessarycomponentof sustainableforestry.

LONG-TERM S1TE PRODUCTIVITY’

Productivity, definedhereasthe rateof vegetativeproduction,hastwo elements:actual (realizec~and
potential. Themagnitudeof the gapbetweenthe two is a function of managementinputs. Partly on thatbasis,
PritchettandFisher(1987) distinguishedbetweenthe termsforest productivity andsite productivity. Forest
productivity, the capacityof a treespeciesto thrive andcompeteon aparticularsite, is a function of geneticsand
environment. Site productivity, definedasthe rate of productgrowth, is a function of site quality andmanagement
(i.e. vegetationmanipulationandcultural practicessuchasfertilization).

Site productivity is determinedby site quality, a direct function of the quantity and quality of soil availablefor
root growth anddevelopment.This conceptis clearlyconveyedby Stone’s (1984) illustrationof site quality, in the
two dimensionalspacedefinedby effective moisturesupplyon oneaxisandeffectivenutrientsupplyon the other
(Figure2). Adequatesuppliesof both moisture(implies favorableaeration)andnutrients,which characterizehigh
quality sites,translateintoPigh site productivity. Low site quality, whetherthe result of inadeq1~atesuppliesof
moisture,nutrients,or both, resultsin low siteproductivity. Stone(1984) pointedOut thatavariety of dlffe~ert -.

physicalconfigurationscould result in an inadequatesupplyof moistureor nutrients(i2e. de~p~&o~~ sands~ well
asshallow,stonyloams both may havean inadequatemoisturesupply). Although conceptuallyelegant,in practice
it hasbeenimpossibleto isolatethe effects of nutrientsfrom thoseof the solventthat carriesthem (Cole et at.
1990).

Site quality, sometimesthoughtof asbeingconstant,maychangeasa resultof humanactivity. ISitequality
can be decreased[i.e.soil compactionby heavyequipment(Donnelly andShane1 986)} or increased[i.e. improved
long-termnutrientavailability by addition of organicamendments(Harrisonet al. 1 994)J. Burger (1993)haspointed
out thatreductionsin sitequality may be maskedby gainsin geneticpotential or moreeffectivecontrolof
competingvegetation.The magnitudeof thereductionwould only becomeapparentaftercompletionof oneor two
rotations,possiblyleadingto complacencyin theshort term. Continuedmaintenanceof long-termsiteproductivity
in a managedforestrequireseffort. Eachof uscan probablythink of morethanonedramaticexamplewheresuch
effortswerenot exerted,resultingin significantsitedegradation.To thecredit of ~r exarnples~
appearto bethe exceptionratherthanthe rule.

Themostcompletemeasurementof site productivity is net primaryproduction(NPP), ameasureof the
differencebetweentotal carbonassimilation(grossprimary production,GPP) and respiration(R), representedby
theequations:[1JNPP = GPP- R; or [2] NPP AB + L + G, whereAB = changein dry weight, L = litter input, and
G = removalsby grazinginsectsandanimals. It is obviousthat estimationof NPP requiresa greatdealof effort,
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Figure 1. Soil asthe interfacebetween Figure2. Conceptualrelationshipbetweensitequality
four systems(Szabolcs1994). andeffectivemoistureandnutrient supplies(Stone1984).

which increasesgeometricallyassize increasesfrom seedlingsto maturetrees. Consequently,NPP is seldom
measuredbeyondthe researchsetting. In practice,economiccomponentsof NPP (abovegrounddry weightor
volume),aresometimesusedasmeasuresof site productivity (Jones1989). More commonly,site index (heightof
the dominantandcodominantfree-to-growtreesataspecifiedbaseage) is usedasa measureof site quality
(Carmean1975). Theselattermeasures,which concentrateon an economiccomponentof site productivity,
completelyignorebelowgroundactivity, which hasbeenshownto beasubstantialportionof site productivity
(Keyes andGrier 1981).

SUSTAINABILITY

Sustainabledevelopmentis a widely discussedtopic atthe presenttime. A query of CARL Uncover(an
onlinedatabasefor scientificjournal articlescompiledsince1988)for titles that included“sustainabledevelopment”
yielded 896 items. Discussionof the topic, not limited to forestry,is at least asspirited in agriculture(Conway
1993; Lang 1994) andfisheries(Rosenberget al. 1993). The closing of theGeorgesBanksto commercialfishing
andthe anticipatedincreasein competitionwith local Maine fishermenfrom displacedboats“from ~away”,has
broughtthis issuecloseto home. Fortunately,forestryhasnot experiencedthat level of crisis. The difficulties of
estimatinga resourcethat wasconstantlyin motion,unlike forestswhichare spatiallystationary,contributedto the
problem(Ludwig et al. 1993). Nevertheless,the fisheriesexampleis astark reminderof very rearconsequencesof
inadequateassessmentof sustainability.

Oneof the mosteoquentexpressionsof the conflict inherentin the term sustainabledevelopmentwas -

presentedby Zeide (1994),suggestingthat the term wasan excellentexampleof anb~ymoron Rather-thand~a
poor job of paraphrasinghiswork, we include a direct quotationfrom his abstract. “Sustainable development is a
questto conserveandprotect theenvironmentandat thesametime improvethequalityofhumanlife, especiallyin
developingcountries. Sustainabledevelopmentis a philosophy,technicalchallenge,anda political program. As a
philosophyborderingon religion, it is the latestincarnation oftheeternaldreamofparadise....Anygrowth,
regardlessof whetherit involvespopulationor economics,leadsto infinity. This conflictswith the limit imposedby
thefinite spaceoftheearth. Therefore,growth cannotbe sustainedfor long....” In order to put the impactof
populationgrowthon resourceallocation in perspective,Zeidenotedthat today humans’harQest40%of theenergy
capturedby greenplants,in contrastto 1% just 200 yearsago, leaving 60% (in contrastto 99% of 200yearsago)
for the remainingorganisms.Consequently,he expectedsomedegreeof speciesextinction.

Althoughthecarrying capacityof theplanet (at a given level of comfort), remainspresentlyundefined,many
resourceprofessionalshavea pessimisticoutlook. A query by Milliken (1993)of forestandwildlife managers-
attendinga meetingin New England, revealedthat all of the attendeesagreedwith thestatementthatonthe
whole, humansweresignificantly degradingnaturalsystems(90%feel this wasalsotruefor New England). Under
theassumptionthat we havenot yet reachedthecarrying capacity,the leastwecanhopefor is to pushthedateof
reckoninginto thefutureby extendingthecapacityto producenatural resourceswhile maintainingthe integrity of
productionsystems,bothforest andagricultural. At best,we could makesignificantprogressin closingthegap
betweenthe ratesof populationgrowthandthe ratesof sustainablenaturalresourceproduction.



Dozens,if not hundredsof papershaveattemptedto defineor clarify the conceptof sustainability. Most
authorsbeginwith thedefinition from WCED (1987), “economicdevelopmentthat meetstheneedsof thepresent
without compromisingthe ability of future generationsto meettheir own needs,” Although that definition sufficesat
the broadpolicy level, it fails to providespecific guidanceasto developmentof actualpracticesthat will leadto
sustainability. In short, it fails to answerthe questionposedby working resourcemanagers:“What can I do (or not
do) differently todayto ensurethat this resourcesystemwill continueto operateinto perpetuity?”. Severalauthors
haveattemptedto beginwherethebroaddefinition leavesoff (Conway1993; Maini 1992;Szabolcs1994).

Towardsthat end, threecomponentsarecommonamongthemanydefinitions of sustainability:productivity,
outputof productper unit of resourceinput; stability, consistencyof productivityin thefaceof small disturbance;
and resilience,ability to returnto prestressproductivity levels. Acknowledgingtheelusivenatureof thesustainable
developmentconcept,GregersenandLundgren(1990) advocatedchangingtheoperationalfocusfrom seekinga
rigorousdefinition to avoiding nonsustalnabledevelopment.In actuality, thisappearsto bethepathtakenby
resourcemanagersin the field. A currentexample,motivateddirectly by water quality issuesratherthansite
productivity, is voluntaryadoptionof bestmanagementpractices(BMPs) to reducesoil erosionassociatedwith
timber harvesting(NCASI 1994). Keepingthe soil in placeis only the beginning. The nextstepis maintenanceof
the physicalandchemicalpropertiesof that soil.

Forestindustry, driven by market ratherthanmoral pressure,hasreactedpositively to public demandfor
sustainability. In addition to voluntary adoptionof BMPs, which addresssoil movementassociatedwith timber
harvesting,compliancewith asetof sustainableforestryprinciplesby hasbeenrequiredasa conditionof
membershipby AmericanForestandPaperAssociation(AmericanForestandPaperAssociation1994),
InternationalChamberof Commerce,andthe CanadianPulpandPaperAssociation(Wrist 1992).

It is readily apparentthat weare not yet closeto a rigorousunderstandingof sustainability. Burger(1993),
consideringcumulativeeffectsof silviculture on sustainedforest productivity of intensively managedplantations,
notedthatthe infinite numberof site*treatmentinteractionslimited utility of empiricalapproaches.He advocated
developmentof processbasedmodelsto allow predictionof cumulativeimpactsof managementon long-term site
productivity. Until thosemodelsbecomeavailable,a rational approachis to avoid practicesthat clearly arenot
sustainable.

ECOSYSTEM MANAGEMENT

Volumeshavebeenwritten aboutecosystemmanagement,muchof’ originatingfrom the USDA Forest
Service. The literaturedealingwith this topic emphasizesattainmentof desiredstateor conditionof theforest in
lieu of the yield of timber Of any9thersingleproductor value, asthe primaryobjective(Everett~e&~L i~4- ~
Kaufmannat at. 1994X. The desiredstateis perpetualproductionat agiven levelof output.~ommodyieferie4tOL~
assustainability. The minimum requirementfor att~inmentof sustainabilityis rriaintenan&~ of l4Yerrui~If&
productivity, a function of site quality. Thebasicrequirementsfor successfulimplementationof ecosystem
managementare: (9 a recognitionof the biological andphysical constraintson ecosystemfunctionandstructure;
and (ii) a commitmentnot to exceedthoselimits in favor of short-termeconomicgains. In caseswherethoselimits
areexceeded,the coststo alleviatetheir impacts,evenif recoveryis remotely possibie,Increasesgeometrically
with small incrementalincreasesbeyondthe critical points (Maini 1992). The role of scienceistodefine those
limits andproyidethe bestestimatesof thecostsof exceedingthem,in both recoverylevel~ of prcxluctivity and time
requiredto attain it. In the spirit of Pinchot, ecosystemmanagementis the applicationof that knowledgeto the
sustainableproductionthat providesthegreatestbenefit to the greatestnumber. The responsibilityto selectthe
appropriatemixture of benefitswithin theconstraintsof theecosystemrestswith society.

Thechallengesfacing usareimmense. Our explorationof the literature in preparationfor writing this paper
broughtaboutsubstantialmoodswings, rangingfrom cynical depressionafter readingBoyden and Dovers (1992)
to a senseof confidenceandhopefollowing reviewof Holdgate’s(1994) paper. Not surprisingly (for a groupof
scientists),our moodandexpectationslandedsomewherein the middle: hopefulwith a srnalVdoseofskeptcism.
Ecosystemmanagementbringsthat ray of hope. Thetendencyfor polarizationdriven by vocalextremiststo delay
or preventallocationof thoseresourcesis causefor skepticism.

Thereis a limit, imposedby sitequality, to thesumof productsand valuesthat canbe derivedon a
sustainablebasisfrom forestecosystems.Thatlimit mustbethe startingpointfor thepublic debateon the “proper”



balanceof productsthat will be obtainedfrom forests. In the final analysis,theproportionaldistributionof those
productswill be madeby thevotersin a democraticsociety. On public lands,the choiceis fairly direct. On private
lands, that choiceis both direct (via legislation) andindirect (via themarketplaceby consumerswhovotewith thelr
dollars). Consumers,someunwittingly, will ultimately decidethe balancebetweentheamountof wilderness,
lumberprices, exploitationof tropical forests,etc. The goal of ecosystemmanagementis to identify this baselineat
theoutset,andthenbring a greaterdegreeof convergenceamongthesocial,economic,andforestsystems
(Kaufmannet al. 1994) by clearly identifying the tradeoffsassociatedwith therangeof possiblechoices.

Sustaininglong-term productivity requires,at thevery least,a functioning soil system. Any practicethat
contributesto soil degradationreducespotential productivity, hencesustainability. In order to accuratelyforecast
thedegreeof reduction,processbasedmodelswill be required. Thepaperswhich follow will exploreaspectsof
sustaininglong-term siteproductivity in detail, focusing on thestateof art of thescience.Thesessionwill conclude
with an examinationof future researchneeds.
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